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Introduction 

Modern technology has made it possible to transmit to remote locations 
nearly all physiological responses which involve external electrical, 
mechanical or thermal changes. With man entering increasingly hostile 
environments as he approaches space flight the interest in telemetering 
such data has intensified. Since 1947 the Bureau of Medicine and Surgery 
has been sponsoring a project on "the transmission of physiological 
responses from air to ground by electronic methods." Under the program 
equipment has been developed for telemetering a large variety of physi- 
ological responses of individuals in aircraft under operational conditions 
Since these facilities were available the senior author has frequently 
been requested to take responsibility for monitoring the safety of in- 
dividuals participating in hazardous experimental flights. This paper 
discusses some of the experiences gained in these operations . 

Figure 1 presents in diagrammatic form the basic equipment reqifj6|j|.d 
for telemetering physiological responses. The electrical changes pijcked 
up or produced by electrodes, thermos ters, and strain gauges are ampli- 
fied and fed through subcarrier oscillators. This procedure imposes, 
the voltage changes from each of these transistors upon separate carrier 
frequencies which are then mixed or combined and after a further stage 
of amplification transmitted over a standard UHF frequency. At the 
ground station this transmission is picked up by a receiver, amplified 
once again and then the subcarrier frequencies unscrambled by the use 
of a discriminator for each item of information. This information can 
then be presented on a oscilloscope, over a speaker or by means of an 
ink writer. If a speaker or ink writer is used a further stage of 
amplification is required. All information can be permanently stored 
by recording the signals prior to putting it through the discriminator. 
Physiological responses from pilots beyond the radio range of the home 
station can be monitored by relaying information from remote stations 
to the home station by means of telephone lines. This additional relay 
procedure permits the recording of physiological responses from any 
point on earth which is within the range of one radio station. 



Quite obviously the transmission of responses over radio lengths involves 
a number of problems which are n&X encountered in laboratory electro- 
physiological recording. Space does not permit a full discussion af these 
problems, however, several of the primary problems merit mention. The 
vibration of the plane and the activity of the pilot often make the 
securing of electrodes more difficult than under normal laboratory cir- 
cumstances. It is also not possible to electrically shield the subject, 
therefore electronic noises interfer with the recording. All electronic 
equipment wMt he adapted for the aireifaft power supply. In addition, 
since this power supply is less stable than that usually available on 
the ground, special filtering must be developed. Another significant 
problem is the carrier band width. The frequency width of the carrier 
determines the maximum range of freqtiencies which can be transmitted. 
Several physiological re#pmses can bie placed on the same carrier fre- 
quency if, as in the ciSfee of the EEG and the EKG, they have limited 
frequency ranges. On the other hand where a broader frequency Spectrum 
occurs, such as the EMG, fewer mersi- -p.s can be sent with the same 
carrier frequency. Another probleii not generally encountered in the 
laboratory is that of the size and weight of the equipment. The eq&^m 
ment must fit within the aircraft. Miniaturizatioh of electrical com- 
penents has brought this problem fairly close to solution. Where nec- 
essary the weight and space requirements of electronic equipmeiit can 
be reduced to where they become a minor factor. Radio transmission 
during poor weather conditions introduces noise into tha system. To 
tdmboiize, this, FM transmission Is used. A MiMMl difficult^ is remote, 
recording is that in the case of a poor recording It is not possible 
to check the leads and connections on the pilot imniediately so that 
it is sometimes difficult to determine the cause of any malfunctioning. 
Despite these many problems electrophysiological responses, of varied 
types, have been successfully transmitted for large distances by radio 
8i«r. With i^ftttjpMnElt di^^ under this fTQfgemn, it is possible to 

trittiiiDlt almost any eleetropbysiological response which can be recorded 
iti the laboratory. 

The equlpraent described above has made possible the study of physio^ 
logical responses of man and animals during actual flights. Such 
studlesi have hem d^^teeted et "i^ ptcblem of human psyeheilogical and 
physiological reactions to stress. The theroretical\ approach used in 
these studies is of stress schematized in Figure 2. This approach 
diodes the preblwi tme tki»e arees: the stressful condititma them** 
selves; the emotional reaction of the individual to these conditions; 
and the effects of his reactions on his performance. The stressful 
conditions cm be dividet Isite ^rt^ pkjfSleteg^^eil 

stressors and psychological stressors. The physiological stressors 
ere those physical factors of the cockpit environment such as oxygen 
and G02 t^nslonj prissui?e and teiapea^tare ehaages bf which the J)ilot 
may or may not be aware. These physiological stressors generally 
produce their effects by direct action on the body and its functioning. 



For example, hypoxia may produce uncoasclousness without psychological 
awareness. Psychological stressors on the other hand typified by the 
threat of physical Injury, confinement, or the time pressures aad eoiD«* 
plexlty of the task required of the pilot, generally produce their effects 
by provoking within the individual an emotional reaction. Such emotional 
reactions are accompanied by conscious feelings such as fear, anger, excite- 
ment or boredom, and by a physiological energy mobilization which generally 
results in increased heart rate, blood pressure, reduced gastric motility, 
etc. If the individual is aware that he is being affected by a physio- 
logical stressor. For example, if the individual is aware that his oxygen 
mask is not functioning properly, he may recognize a threat of physical 
energy and experience a fear reaction. 

The first step in an operational stress research problem is to analyze 
the stressful conditions to determine which stressors are of most signifi- 
cance ia a given situation. Once this is done methods are developed to 
rate or measure the severity of the stress. Where psychological stressors 
are involved it is frequently possible to set up ratings of the severity 
of stress encountered on particular flights. For axaiiq>le, routine train- 
ing flights may have low levels o " stress while operational flights in 
bad weather or when with live ammunition, etc. may involve high levels 
of streM. It is generally possible therefore to rank the Ifiisirois of 
stress involved in various flights and to compare the reactions of the 
pilot on each type of flight. In the case of physiological stressors 
it is frequently possible to make even more direct and accurate measure- 
ments For example, pressure changes and g levels in the airc-'-aft may 
be measured and telemetered. One a method of measuring or rating the 
severity of tht stresisful conditions has been developed attieiitll»a is 
turned to the measurement of the pilot's stress reaction. Here tWO 
major types of measurements are available. Electrophysiological re- 
sponses may be made during flights and telemetered to the ground, or 
blood and urine samples may be taken before and after flights and the 
change of their constituents measured. Figure 3 illustrates the theo- 
retical meehffiilsm beMud these mekhodm . the eleetroph^/^iological 
measurements made during flights are primary responses mediated by 
autonomic nervous system activity. They give information on the emo- 
tional response and the physiological status of the ii^lvldual duirlBg 
the period of flight. The blood and urine measures primarily reflect 
the actiyity of the adrenal, cortex and medulla. These chemical effects 
are Initiated duriti^ the period of high st»ss emA persist for Bern 
time after the end of the stress. Both types of measures give infor- 
mation on the reactions of the individual to the stresses he has been 
encountertog* 

If the stressful conditions are severe enough they lead via either an 
energy inobillsatlon reaetlM or a pliQrsiologleal decresiiefit to ee alter* 

ation in psychological performance. Studies of performance under stress 
indicate that individuals show extreme variability in their response to 
stressful conditions. This is true because, on the one hand, individuals 



vary in their emotional response or the physiological decrement produced 
hy stressful conditions, and, on the other, they vary on the amount a 
given emotional response or physiological decrement will affect performance 
Six major effects of stress produced motional responses may be tiotad. 
One effect of a stress produced energy mobilization is to improve per- 
formance on simple tasks are primarily related to the level of energy 
exp^fcflided upon them, while the perforiMnce of complex tasks is more re- 
lated to previous learning and higher mental processes which may be upset 
or interfered with by high levels of energy mobilization. Another effect 
frequently noted is that large motl^us may be Improved or unaffected by 
stress v;hile small delicate movements will generally be disrupted by 
stress. Under stress there is frequently an increase in nervousness and 
tremors which interfere with fine movement. A further generalization is 
that under stress there is an increase in speed of reaction, with a de- 
crease in accuracy of performance. The indiV/idual is more easily startled; 
he will react more rapidly but his reaetioft/l^e generally diffused, not 
well defined, and therefore reduced in accuracy. The fourth effect of 
emotional reactions due to stress is that they may reduce the attention 
to the erltticai f«ieti»rs for a given umt by fdcsisliig attentliin oiidi iin«» 
important or irrelevant factors which are not related to the task the 
individual is performing. For exanqple, his attention may be focused 
on hatM^^am fiielinge or an ext^^i^ smrtm of dimger r^lier t^tm cm 
the task at hand. A fifth effect of stress is that it makes individuals 
less flexible in their response. Finally, individuals may. regress In 
tfaelr behavioi^ to simple more dtmet appraaciies to tlie prob^len^ fiinee ' 
the pilot's task is highly complex, requires fine and accurate movement, 
complete attention to the task at han^* and flexibility In meeting emer- 
geneiee, it afaould be eiqp^N^ed tbat effect of stteir# pice^uced emo- 
tional reactions or physi^logleid decrement would be to reduce the effl- 
clency of the pilot's p^srtl^niiatice . 

Two approaches are generally open for the measurement of the pilot's 
performance. Performance of the pilot's mission may be measured. The 
problem bidl!^ is that mission success Is gtMt^lly a p^ot measure of 
pilot's performance since it is frequently highly dependent on a number 
of. other factors such as weather, aircraft performance, etc. which are 
not related to pilot* a performan<%. An alternate approech is to give 
special performance tests to the pilot. Since the pilot is usually fully 
occupied during the period of the flight itself, such ^rfprmance tests 
must precede or immediately follow the actual stress p^iod. A nuill^t of 
psychological tests which have been shown to be sensative to the effects 
of stress are available for this purpose. The major problem with this 
approach is tbat by tbe time it is poeeiblie to mdktt such measurements 
the stress reactions have frequently disappeared. 

'0 

The equipment and procedures described above are used for tvd purpose*: 

first, to monitor the safety of hazardous operations, and secondly, to 
supplement laboratory stress . studies with data on human reactions under 
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the actual envlronaiental conditions encountered in flight, fhe of 
the operational stress research like that of the laboratory stress re- 
search program is to determine the relationship between the intensity 
of the stressor and the amount of stress reaction (either mati^fff ittobi- 
lization or physiological decrement) and secondly, to measure the extent 
to which the stress reaction may affect performance. Monitoring the 
sa£ety. of operational flighted requires accurate data on the relaticmehip 
between the physiological measures which are part of the stress reaction 
and their effect upon the performance of the pilot. The desire is to 
deteet in ad^ante dangeraus physio logliial conditions Which isajr ptmx)te 
a performance decrement resulting in an accident. The three-part analysis 
of this stress problem described above appears to be an improvement over 
many of the approadbes to atreds used in the past. Frequently, stress 
studies have considered two of these three phases. The results of such 
studies are frequently difficult to interpret because the e^erimenter 
irh0 doea mit wmmm ^^^ii«>lagieal m^rnHms m stma^s often fails 
to demonstrate that his subjects were aware of or affected by the 
stressors which he applied. On the other hand, some investigators deal 
only with ^ pbyalologlcal reactloisus to ati?Mrd . Bomver, ainee a giiren 
amount of decrement or energy mobilization may produce differing amounts 
of performance decrement, the significance of emotional decrement cannot 
be evaloated. It #hcmld he in mSm& ihat a certain leireX of enetfi^ 

mobilization is necessai^ for the p 'oper performance of .many tasks. There- 
fore, the existence of m l^tional reaction in and of itself does not 
jg^c^aatiiy indicate the |^llot*e performance ia helng advet^aely 
affected. The essential question is "is the emotional reaction great 
enough to produce a decrement of performance?" 



Monitoring safety of hazardous flights . 

The hazards which confront man in flight are well known, of particu- 
lar importance are those factors which because of men's limited sensory 
equipment may ineapacitate him withotit his awareness, ka exoaqple of ^Is 
type of hazard is the problem of hypoxia. Man has no sense organ to de- 
tect the lack of oxygen. Therefore, he may become seriously hypoxic with- 
ont being aware that he is in brouble. Hith the pilot already overloaded 
with instruments to watch, oxygen gauges and warning systems are only a 
partial answer to this problem. Where special hazards are ejqpected there- 
fore B» in atratosphef ic balloon arscents telemetering equipment mdtefi It 
possible to monitor such physiological responses as heart rate, breathi4ig 
rate, and oxometer readings from the grounds TMa permits the flight 
surgeon to detect the first signs of trouble mSL t^ske appropriate action. 
In essence the flight surgeon's task is similar to that of the pilot 
monitoriug his engine instruments. The flight surgeon must monitor the 
pilot's "engine". He must know the normal limits of a man's "cylincier 
head temperature". When the heart rate exceeds the red line he must take 
immedlabe action either to cure the trouble or to abort the miaslon* l£ 



physiological responses indicate a dangerous state wltbln the organism, 
his duty is to call back the mission. For this purpose "red Lines", 
or criteria for terminating stressful Mighty must be adopted. The 
problem here is to bhtaln suffXelent ambutits'lif lfl€^rma^tlon about the 
normal variation of such physiological functions as heart rates and 
breathing rate to establish iDaximum safe Ifvels to be permitted during 
the flight. Unfortunately, the experience of Project RAM has indicated 
that the usual concept of normality does not apply in flight operations. 
For example, when project RAH was first iMisigned the responsibility for 
monltorihg the safety of the stratolab ballcron aieents, a group of Bit^ 
perts in medicine and physiology were brought together to determine the 
maximum safe, levels of heart rate, respiration, and other physiological 
Hfisamxres; a resuft ol ^bis conference, maximum acceptable heert 
rates were tentatively set jit 130 per minute and the maximum safe respir- 
ation rates were te2|tatiye% s#t at 30 per minute. Howetver, these 
criteria had 8%on to be ^ieMtoned. The fi^rst operation in iM%i6h there 
was an attempt to apply tll^ie criteria was a balloon ascent in an open 
basket through a thunder cloud. Psychologically, this ascent was a 
highly stressful one since the turbulence and electrical buildup within 
the cloud presented a definite threat to the operation's safety • EKG 
and respiration rate recordings £mm one loiember of the two«men crew 
indicated that for this man his heart rate was 180 and his respiration 
rate 70 per minute before the gondola left the ground . These high rates 
were maintained throughout the early part of this particular operation. 
If the original criteria had been enforced, this flight would have been 
cancelled prior to takeoff! 

Another problem encountered in monitoring the safety of son operation 
is illustrated by the data given in Figure 4. This figure gives tte 
heart rates collected from four escperienced pilots as part of the 
study of stress in operational flying. Heart rate measurements were 
made both on the ground and during various types of jet flights. The 
left hand bar gives the average heart vete recorded during daily phys- 
icals. These are standing pulse rates taken on the ground. The next 
Bar indicates the average pulse rate for measures taken immediately 
after return from a jet mission while the pilot was still seated in 
the cockpit. The third bar indicates the average pulse rate during 
routine traixilfig flights iia^olving no particular stress. The fourth 
and fifth bars give the average rate during stressful live firing 
runs and the heart rate at the point of maximum stress in this firing 
mm^ i^speeti^ly. The point of pertioiiar ititeir^st here is that 
while the heart rate of all pilots increases to some extent during 
the flight when compared to standing pulse rate on the ground, the 
pulse rate of two of the pilotl^ #hews a Very much larger inci^ease 
than that of the other two. This large individual difference in 
reaction to an essentially similar condition makes the application 
of a set criteria for terminating flights Is^osftthle. Rather, 
criteria specific to the individual must be set up on the ba#is of 
a thorough preliminary study of the responses of each individual. 
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Underlying both the problem that the usual concepts of normal physiolo- 
gical stressors. Hypoxia may produce atl increase in breathing rate and 
an increase in heart rate Hov/ever, emotional responses appear to have 
a much larger effect on breathing and heart rate and therefore are likely 
to obscure any effects due to hypoxia. This is true even though the meas- 
urements are taken on highly experienced successful flyers who would be 
expected to show a minimum of emotional reactions during flight. It is 
also important to be aware that despite these large changes in physiolo- 
gical response, the pilots were able to perform this mission with no 
apparent decrease in efficiency. 



Operational research . 

There are two basic approaches to the problem of determining the effects 
of flight on the living organism. One approach might be termed a labo- 
rlBrtoxy (Kiqperimental oiattod. In this proced^e data about the environment 
encountered in flight are colle ' \ instruments on the ground or in 
special vehicles such as high alLi.Lu.-e balloons, etc. On the basis of 
these data this eiivlroMMmt • Can be simulated in the ISf^oratory for bio- 
logical studies. Another, the ope ' - al approach, is to place an 
organism in the plane itself and study its reactions under the actual 
flight conditions. Obviously these two approaches a^not mutually ex- 
clusive alternatives. Since each has tinique advantages both should and 
are being carried on at once. The primary advantage of laboratory pro- 
cedure is the precise control that can be exercised over the environment 
itself, and the physiological and psychological measurements of the sub- 
ject's reaction to this environment. Precise control is not possible in 
the operational 49^proech; however, there are Important advantages to 
this procedure . Most obvious of course is the fact that not all the 
effects of flight may be simulated in the laboratory* For example, travel 
in or on tlie border of space Involves weightlessness wkleb eaitaot be 
simulated completely in the laboratory. Moreover, in the laboratory it - 
is usually possible to simulate only one or two components of the total 
flight envlroiQSietit at sa^ one tine. An otganlsm rmy be sibte to adjtist 
to a partial simulation but break down under the impact of the additional 
stresses present in the actual flight environment. Nor, finally, can we 
be sure that' all the hteards of such new areas as spaee flight turaie teen 
identified. Only survival in space will demonstrate that this new frontier 
has been conquered. 

For the purpose of in-flight research, man is the most valuable subject 
since it is to him to whom we must apply the data from any experiment. 
1lB^»ever, where, as in space fltglit, the hazards are too poorly understood 
to warrant risking the life of a human being, lower animals may serve as 
subjects. The man or animal and his ccnopartment serve essentially as a 
biologleat iK^truiiieiit en which to record tbe effects of the environvec^ 
to be studied. The In^ortaiit features of this equipneRt as with any 



tneGlianlcal or electrotitc instrument is its sensitivity, reliability and 
durability. In addition, l^ecause of the limitations of the vehicle, con- 
siderations in 8i2se, shape, and weight are also important. If the instru- 
vsent is to be used In or near the borders of space, it will have to be 
completely self-contained requiring no outside source of energy. Like 
all Instruments this biological measuring device requires calibration. 
In order to obtain a maximum of information from the physiological and 
psychological measures available, control data must be collected under 
normal, nonstressful conditions and under simulated stress of various 
types In order that the normal and the stress response levels of these 
measures for each subject will be known in advance. This involves a 
series of preflight tests under both nonstress conditions and during 
e:iqposure to such stressors as increased g, reduced pressure, reduced 
oxygen tension, temperature variations, etc. Typical patterns of re- 
liction under these conditions must be determined. Once determined it 
is then possible to contrast the telemetered data with these control 
measures. This preflight control data is particularly important in 
the case of animals in space vehicles since, at least at first, it will 
not be possible to return the animal to the ground. In such a case the 
value of the telemetered data is ato®st entirely dependent upon the 
adequacy with which the animal responses have been studied prior to 
the actual space flight. During the actual operation itself the basic 
problem is to record the condition of man or animal at all times and 
to determine Jj^:hether it is performing up to the expected level. The 
cause of unexpected patterns of physiological activity or of a per- 
formance decrement must be determined against the background of infor- 
mation previously pbtained on the characteristic response of the 
organism. 



Summary , 

Modern technology has provided means for transmitting to remote locations 
nearly all physiological responses which involve external electrical, rae- 
chanlca:!, or thera^l chmi^s. These developments have made it p€m#ible 
to make precise physiological measurements under operational conditions 
of the type that only a short time ago were limited to the laboratory. 
Slnee ttansmtiBslon of theSis reipdtiS<^ la possible, the pilot *s pi^Hlolo- 
gical reactions may be monitored from the ground in order to protect him 
from environoiental hazards to which he is insensitive. A m^jor problem 
which arises flu ei^iiiection with tkis proeedu^e is that evaot^^i&at responses 
obscure physif j^Oigieal Reactions, resulting in reactions beyottd what are 
normally considered .saj|^ and producing large Individual differences in 
reaictlons. To overcome these prbblenus careful studies of each ti^divldual 
to be monitored must be made prior to the actual experimental flight . 
Telemetering also permits e3q)erimental study of stratosphere and space 
flights. Here again, eo&tt^t data attre e#seiEitial sitti^ in many ee^Md It 
will not be possible to return experimental animals to the earth and there- 
fore all information on their status In space must be gathered by comparing 
tel^taetered physiological recordings with control data collected on the 
ground . 
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A SCHEMATIC ANAItSIS OP STSB3S RB&GtlONS^ 



STRESSFUL CONDITIONS 



STRESS REACTIONS 



STRESS EFFECTS 



Psychological Stresses 



Conscious Feelings 

1 . Fear 

2 . Anger 

3. Excitement 

4 . Boredom 



Psychological Performance 



1, 
2, 



3, 
4. 



Threat of physical injury 
Task-induced stress 

a. Time pressures 

b. Task cornplexity 

c. Prolonged work periods - 
Confinement 

Lack of stimulation 



Physiological Energy Mobilization 
!• Measures taken in flight 
(EKG, EMG, EEG, PGR, 
Breathing Rate, Skin 
Temperature, etc.) 
2, Change in blood and urine 
constituents occurring 
during stress but measured 
fpllowing the flight 



1. Performance during flight 

2. Performance after stress 

a. Flicker fusion threshold 

b. Mirror drawing 

c. Digit span 

d. Digit symbol 

e. Digit addition 

f. Color conflict 



Physiological Stressors 



1. 6 stress 

2. Habit ability 

a. Oxygen tensions 

b. 002 tension 

c. Ihressure changes 

d . Temperature 

3. Radiation problems 

4. Zero gravity 



Physiological Decrement (Injury) 

!• Measures taken In flight 
OBKG, EMG, EEG, PGR, 
Breathing Rate^ Skin 
TMpereture, etc. ) 

2. Change in blood and urine 
constituents occurring 
during stress but measured 
following the flight 



Figure 3 
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(PERIPHERAL VASC 
CONSTRICTION OR 
DILATION) 
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ACTUAL AMOUNT OF HOR- 
MONE AND METABOLIC END 
PRODUCTS EXCBBIBD IN 
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